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ABSTRACT 

The spermatozoa! morphology of 62 species of anomuran and thalassinidean decapod crab (including many species lor 
which the spermatozoa! ultrastructure.is previously undestribed) is compared at the light and electron microscope level. 
Relationships between taxa are postulated on the basis of shared spermatozoa!, characters and comparisons made with 
existing ideas about the relationships and evolution of these taxa, Pronounced spermatozoa! differences between 
representatives of some families in the Infraorder Thalassinidea support the separation and reclassification of this group 
into three super families, In contrast, within the anomuran superfamily Paguroidea, the families Paguridae, Para paguridae, 
Diogenidae and Coenobitidae are shown to be united by a suite of ultrasmietural spermatozoa! characters. Each of these 
families, however, can be distinguished by characteristic spermatozoal features. The anatomically diverse family 
Diogenidae exhibits a range of sperm morphologies intermediate between the Paguridae and Coenobuidae which may 
indicate a diphyletic origin for this family. The families Galaiheidae and Porcellamdae, within the superfamily 
Galatheoidea, each show a set of distinctive spermatozoal characters, but share very few characters. 


RESUME 

Ultrastructure et phylogenie des spermalozoVdes ties sous-ordres Thalassinidea el Anomura 
(Decapoda, Crustacea), 

La morphologic du spermatozoide de 62 espdees de Crustacea Ddcapodes Anomoures et ThaJassmides, (y compris de 
nombreuses espfeccs dont le spermatozoide n'avait jamais ete ddcrit), esi compares en microscopic photonique et 
^lectronique. Les relations entre les taxons sont postulees sur la base de caractcres spermaiologiques partages et des 
com parai sons som faites avee les idee* pre-existantes concernant tears relations phy I Cliques et leur evolution. Les 
differences importantes entre les spermatozoYdes des representants dc quelques families du sous-ordre Thalassinidea 
soutiennent la separation et la re-classification dc ce groupe en trois super-families, Au contraire, h rimerieur de la super- 
famille des Paguroidea, on montre que les families Paguridae, Parapaguridae, Diogenidae et Coenobitidae sont unies par un 
ensemble de caractcres uJtrastructuraux du spermatozojde, Toutefois, chacune de ces families pent etre distinguee par des 
caracterisliques spermatologiques. La famille Diogenidae, qui cst anaiomiquement diversifies montre des morphologies 
spermaLiques intermediaries entre les Paguridae ct les Coenobitidae, qui pounait indiquer le diphyletisme de son origine. 
Les families Galatheidae et Porcellanidae, membres de la supcufamille Galatheoidea, momrent chacune un ensemble de 
caractferes spermatologiques distinctifs, mais ont peu de caracteres en eommun. 


TUDGE, C C„ 1995. — Ultrastrucmre and phylogeny of the spermatozoa of the infraorders Thalassinidea and 
Anomura (Decapoda, Crustacea), In: JAMIESON, B, G. M„ AusiO, J,, & JUSTINE, J-L, (eds), Advances in Spermatozoal 
Phylogeny and Taxonomy. Mem. Mas. natn. Hist, nat, J66 : 251-263, Paris ISBN ; 2-85653-225-X, 
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Within the order Decapoda, the infraorder Anomura has undergone considerable revision 
since its introduction [271. Classifications of the Anomura such as those of Gl.AESSNER [17] and 
BORRADAILE [3j. recognize the four superfamilies, Thalassinoidea, Paguroidea, Galatheoidea 
and Hippoidea. More recently the thalassinoids have been excluded from the Anomura and the 
constituent anomuran superfamilies redefined as the Paguroidea, Lomoidea, Galatheoidea and 
Hippoidea [30, 31]. 

Some significant taxonomic changes have been proposed for the infraorder rhalassimdea 
and the group now comprises three superfamilies and is considered a monophyletic taxon, distinct 
from the Anomura [40], In the past the thalassinids have been linked with the anomurans on the 
basis of larval morphology [18, 26]. and adult somatic characters [28]. The thalassinids are 
considered to be an important pivotal group in the evolution and phylogeny of the other decapod 
infraorders [2, 6]. 

The superfamily Paguroidea consists of the families, Coenobitidae, Diogenidae, Paguridae, 
Parapaguridae, Pylochdidae and Lithodidae [30]. All except the Lithodidae are considered true 
hermit crabs [5] but recently it has been shown that the iilhodids may have close links with the 
genus Pagurus in the Paguridae [13]. 

The superfamily Lomoidea contains the monospecific genus Lands in the family Lomidae. 
Once considered a symmetrical hermit crab [4], this enigmatic crab has since been elevated to its 
own family and superfamily [29, 34] but continues to be problematic in regard to its relationship 
to the remainder of the Anomura [28]. 

The superfamily Galatheoidea contains the families Aeglidae, Chirostylidae. Galatheidae 
and Porcellanidae, of which the Aeglidae, containing the single genus Aegla , are ecologically 
(restricted to freshwater) and morphologically distinct [28]. 

The superfamily Hippoidea (the mole crabs) contains only two families, Albuneidae and 
Hippidae, which have been variously allied with the other families of the Anomura but appear to 
be very distinct. They have been postulated to be more closely related to the thalassinoids than to 
the Anomura [28]. 

The species of thalassinidean and anomuran crabs studied for spermatozoa! morphology 
(light or transmission electron microscopy) and published up to 1994 are listed in Table 1. This 
list comprises 32 species from 17 genera in 9 families. A further 30 species have been 
investigated for spermatozoa! morphology by the author (Table 2) and this brings the total number 
of thalassinidean and anomuran taxa for which the spermatozoal structure is known to 62 species 
from 33 genera in 15 families, hi addition to the listed publications, the ultrastructure of anomuran 
spermatozoa is briefly covered in several general crustacean sperm reviews [16, 23, 25], 

MATERIALS AND METHODS 

The crab specimens were collected from a wide range of localities including Australia, the South-West Pacific, the 
Mediterranean and European waters. The testes and ducts of the vasa defcrenlia were removed from the crabs and fixed in 
cold (4°C) glutaraldehyde for a minimum of 2 hours, after which the remainder of the standard techniques for transmission 
electron microscopy 144] were carried out. This procedure was undertaken for all species except for Thalassina squamifera, 
which was deep frozen, thawed and fixed in neutral buffered formalin before removal of the testes and then subjected to the 
standard TEM fixation procedure. Micrographs were taken on Hitachi H-300, JEOL 100-s and Hitachi R-600 transmission 
electron microscopes at 80, 60 and 75 kV respectively. 


RESULTS 

Infraorder Thalassinidea 

The spermatozoa of the three investigated taxa in this group are each different in 
morphology, although the sperm cells of CaUianassa australiensis and Axius glyptocercus are 
more similar to each other than to those of Thalassina squamifera . The sperm cells of 
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Tabl 1£ L — Thalassinidean and anpmuran taxa previously investigated far spermatozoa! morphology. 


Infraorder Thalassinklea 

Superfamily Callianassoidea 

Family Upogebiidae 

Upogebia pusilla 

[24] (as Gebia liUoralis) 

Superfamily Axioidca 

Family Calocaridtdae 

Calocaris macatuheae 

[41] 

1 n frao rde r Ano mu ra 

Superfamily Paguroidea 

Family Coetiobitidae 

Birgus latro 

Coenobita dypeatm 
Coenobita rugosus 
Coenobita variabitis 
Family Diogenidae 

Clibanarius corallinus 
Clibananus eryth roptts 
Clibanarius kmgilarsus 
Clibanarius nathi 

Cltbanarius taen ia uts 
Clibanarius v ire see ns 
Dardanus arm so r 
Dardanus crassimanus 
Dardanus megistos 

D iogen e s € u s tos 

Diogenes miles 

Paguristes oat bins 

Family Lithodidae 

Lithodes maja 

Family Paguridae 

Pagurus bemhardus 

Pa gurus excavatus 

Pagurus prtdeaux 

[23; 44; 45J 
[20; 21; 44] 

P2] 

[44] (as C. spinosus) 

[23; 441 

[24] (as C, misanthropus)\ [46] 

[14; ] 5; 32] 

[32] 

[44] 

[44] 

[24] (as Pagurus striatus) 

[44] 

[32] (as Pagurus piuictulatus) 

[44] 

U5] 

[24] (as P, maadatus) 

[41] 

[7-12; 35-39; 41] (as Eupagurus bt raft,a < 
[24] (as Eupagurus angular us) 

[24] (as Eupagurusprideaitxii) 

Superfamily Galatheoidea 

Family Galatheidae 

Alhgafathea elegans 
Gain! he a squamifera 

Gal a (he a strlgosa 

Muni da rugosa 
Pleuroncodes plampes 
Family Porcciianidae 

Petrolistlies lamarckii 
Ptsidia longicornis 

[23] (as Allogalathea sp .) 

[24; 41] 

[24] 

[24] 

[22] 

[23] 

[41] (as Force liana longicornis) 

Superfamily Hippoidca 

Family Hippidae 

Emeriia analog a 

Emerita asiatica 

Emeriia ialpoida 

[48-52] 

143 j 
[l; 33] 
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Table 2._New ihalassinideaii and anomuran species investigated by the author for spermatozoa! morphology. 


Infraorder Thalassimdea 


Superfamily Thalassinoidea 
Family Thalassmidae 

Thatassina squamifem 


Super family Callianassoidea 
Family Cailian£ssidae 

Cal iianassa a usira lie n sis 
C arenasa 


Darckmus sp. 

Diogenes pallescens 

G. n. sp. n.(cf, Trizopagurus striginianus) 
Family Paguridae 

Pagunts chevrewri 
P. hirtimanus 
Force Hanopagurus sp. 

Xylopagurus sp. 

Family Parapaguridae 
Sympagitrus sp. 


Superfamily Axioidea 
Family Axiidae 

A xius g fyp to cere ns 

Infraorder Anomura 

Superfamily Paguroidea 

Family Coenobitidae 

Coenobita brevimanus 
C perlatus 
C. purpureas 
Family Diogenidac 

Calcimts gaimtirdii 
C. laevitmnus 

C. minuius 
Canceling sp r 
Dardanus lagopodes 

D. scutellatus 


Superfamily Lomoidea 
Family Lomidae 

Lorn is hiria 

Super family Galatheoidea 

Family Chirostylidae 

Bum unida sterna macula ta 
Uroptychus sp. 

Family Galatheidae 
Munidq sp. 

Mitnidopsis sp. 

Family Pored lanidae 

A /uipo rce Han a su l uen sis 
Petrol isf he s armattts 
Paly onyx t ransvers ns 

Superfamdy Hippoidea 
Family Hippidae 

Hippa pacificn 


C. australiensis and A. glypiocercus arc spherical with prominent microtubular spines (probably 
four) radiating from the equatorial region. The sperm cell can be divided into two hemispheres, 
with the upper containing the cytoplasmic organelles and an election-dense acrosome vesicle with 
operculum, while the lower hemisphere is composed of the nucleus (Fig. 2a). The microtubular 
spines originate in the nucleus and appear to pass completely through it. A. glypiocercus differs 
from C. australiensis in having a large columnar invagination (perforatorial chamber) penetrating 
the sperm cell from the posterior or lower pole to a subterminal position below the operculum 
(Fig. 2a). The spermatozoa of T. squamifera differs markedly in being composed of a large, 
ovoid, concentrically zoned acrosome vesicle, capped by a tri-layered operculum and posteriorly 
embedded in a ring of cytoplasm and nucleus (Fig. 2b). A number of microtubular arms originate 
in the posterior nucleus. The acrosome vesicle is penetrated posteriorly by a columnar 
perforatorial chamber which terminates below the operculum and appears to have an electron- 
dense thickened ring around its base. 


Feg. 1 —A-J: Semi diagrammatic representations of longitudinal sections of hermit crab spermatozoa. Homologous 
regions between sperm cells are similarly shaded Drawings based on tracings of micrographs, Scale bars = 1 Jim 
(except where indicated). 
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Infraorder Anomura , . , , . . 

Family Coenobitidae. The spermatozoa of Birgus latro and the 
rhp PPT11IS Coenobita are all very similar in morphology f23, 44, 45J. I he concentrically zli 
acro^ome veSde is a large and oblong-ovoid [Birgus) to cylindrical {Coenobita) structure 
rmeS msterioriy by ^columnar perforatorial chamber in which the walls are drawn out into 

(Fig. 3a). The anterior pole of the acrosome vesuris £is S 

onerculum below which a divided subopercular zone occurs (Fig. la). The acrosome is la g v 
comDOsed of an acrosome ray zone which has the appearance ol radiating dark and light bands 
(Fig P 3b). The acrosome vesicle is cupped posteriorly by the cytoplasm (with three nucrotubulai 

arms) and nucleus, r , ; i 

Family Diogenidae. The spermatozoa in the genus Calc inns are composed of a spheric a 
acrosome vesicle^capped by a domed operculum, and posteriorly penetrated by a perforatorial 
chamber {Fig. ih). The acrosome is embedded in the cytoplasm and nucleus and the perforatorm 
chamber waTls project laterally to form short microvillar projections. An aulapomorphy tor this 
genus is the splitting of the anterior end of the perforatorial chamber into two or more fingers 
(Fig 3c). The genus Cancellus has a spermatozoon with a cylindrical acrosome vesicle with a 
conspicuous acrosome ray zone, which is penetrated by a large tapering perforatonal chamber 
(Fig V Although perforatorial tubules are present in the chamber, there do not appear to be any 
microvillar projections and the operculum is unique among the pagutoids in having a cen _ 
perforation (Fig. 3d). The spermatozoa of the genus Chbanarius have an ovoid acrosome vesic 
penetrated by a perforatorial chamber with microvillar projections but the chamber is .distinctive in 
having a bulbous posterior region and a thin anterior projection. A dense ring (autaj T >_ 
occurs around the bulbous region of the perforatorial chamber (Fig. lc). The spermcelsolthe 
genus Dardamis are similar to the spermatozoa of the coenobitids but the acrosome vesicle (with 
conspicuous acrosome ray zone) (Fig. 3b) is generally shorter and more ovoid in shape and he 
subopercular zone is not divided into two distinct regions (Fig. Id). The spermatozoa ot the 
genus Diogenes are characterised by modification ol the inner acrosome zone into a fibrillar coie 
structure, the perforatorial chamber possesses microvillar projections and has the posterior bulb 
and anterior projection, like in clibanarids, but there is a prominent acrosome ray zone as in the 

coenobitids and dardanids (Fig. le). . 

Family Paguridae. The spermatozoa of the genus Pa gurus lack microvillar projections in the 
perforatorial chamber, generally have ovoid acrosome vesicles with one or more reticulated 
acrosome zones {Fig. 3e) and the perforatorial chamber has a bulbous posterior region and a 
tapered anterior projection (Fig. If). Porcellanopagurus spermatozoa have a similarly shaped 
acrosome vesicle and perforatorial chamber ( without microvillar projections) to Pagurus but the 
bulbous region of the perforatorial chamber has the walls sculpted into longitudinal septa and is 
surrounded by a vesiculated (lacunar) sheath (Fig. Ig). The spermatozoa of Xylopagurus differ 
from the other pagurids in having the microtubular arms emerging from the cytoplasm in me 
anterior part of the sperm cell and not posteriorly (this also differs from all other paguroids) and in 
possessing a larger, more cylindrical acrosome vesicle with unusual zonation (Fig. Ih). 

Family Parapaguridae. The spermatozoa ot Sy nip tig nuts shaie the bulbous shape of the 
posterior region of the perforatorial chamber, the lack of microvillar projections and the pi esence 
of a reticulated acrosome zone with members of the family Paguridae but ditier in having the 
acrosome vesicle extended anteriorly to more than three times the length of any pagtind (Fig. if 


Fi G j. —A-H: Semidiagrammatic representationsi of longitudinal sections of thalassinidean and anomuran crab 
spermatozoa. Homologous regions between sperm cells are similarly shaded. Drawings based on tracings o 
micrographs. Scale bars = I pm. 
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Family Lomidde. The only representative in this family, Lomis hirta , has a spermatozoa! 
morphology which is different from that of all other anomurans. The sperm cell is irregular, but 
basicallv globular, with one to three vertices which may be extended into microtubular arms (two 
arms have been observed in a single sperm but often three vertices are apparent). 1 he acrosome 
vesicle is an inverted cup shape, penetrated by a perforatorial chamber, and is completely 
embedded in the cytoplasm. A discontinuous, electron-dense zone (interpreted as the operculum) 
extends around the entire acrosome vesicle (Fig. 2c). 

Family Chirostvlidae. The investigated genera in this family. Eumunida and Uroptychus 
have spermatozoa with a spherical to ovoid acrosome vesicle, capped by a domed operculum and 
penetrated by a perforatorial chamber. The walls of the perforatorial chamber lack rrucrovillar 
projections, but some perforatorial tubules are present in Eumunida (Fig. 2d). An acrosome ray 
zone is present in the posterior region of the acrosome vesicle in both. 

Family Galatheidae. The spermatozoal morphology of Allogalathea, Munida and 
Munidapsis differs slightly in each species, but there are some characteristic features of the 
family. The acrosome vesicles are elongate and generally cylindrical, are capped by a domed 
operculum and penetrated lor most of their length by a perforatorial chamhei. The innei acrosome 
zone is divided into two regions of differing electron-density, the outer acrosome zone is situated 
posteriorly in the acrosome vesicle, and longitudinally arranged perforatorial septa are present in 
the posterior region of the perforatorial chamber (Fig. 2e). 

Famih Porcellanidae. The spermatozoa! morphology found in the investigated members of 
this family can be divided into two types. In Petrolisthes the nucleus is globular in shape and the 
cytoplasm forms a thin, neck-like region between it and the acrosome while in the remaining 
genera, Aliaporcellana , Pisidia and Polyonyx . the sperm cells are elongate, with the cytoplasm 
and nucleus forming a veneer over a central microtubular core (Fig. 21). The microtubular core 
splits posteriorly to form several external microtubular arms (Fig. 3f). The sperm cells ol each 
have a complexly arranged, concentrically 2 oned acrosome vesicle, capped by a perforate 
operculum, penetrated by a perforatorial chamber (in which the walls are folded into septa) and 
share acrosomal features such as a dense perforatorial cone and posterior ring (Fig. 2f). 

Family Hippidae. The sperm cell of Hippa pacifica is composed ot a spherical to ovoid 
acrosome vesicle, capped by abroad operculum and penetrated by a wide perforatorial chamber. 
The unusual features of this spermatozoon are that the anterior end of the perforatorial chamber 
forms several tapered points, a membranous septum longitudinally divides the chamber and there 
are possibly up to five microtubular arms (Fig. 2g). 

DISCUSSION 

A recent reclassification of the infraorder Thalassinidea [40] has divided this group into 
three superfamilies. The available data from spermatozoal morphology would seem to vindicate 
this new arrangement, with Thalassina, Callianassa and Axius (from each of the supertamilies) 


Fig 3, — A-F: Transmission electron micrographs of longitudinal sections (LS) and transverse sections (TS) ot 
spermatozoa of selected auomuran crabs, A: Coenabitaperlatus . LS of perforatorial chamber showing microvillar 
projections. B: Dardanus arrosor, TS of acrosome vesicle showing conspicuous acrosome ray zone, C: Calvin us 
minutus. TS through upper acrosome vesicle showing splitting of the perforatorial chamber into separate lingers, 
D: Canceltits sp, LS of opercular region, E: Pagurus che\ reuxi TS through the acrosome vesicle showing 
reticulated acrosome zones. F: Polyonyx transversus. Oblique section through the posterior end of the nucleus 
showing the splitting of the mieroiuhular core into discrete micro tubular arms. Abbreviations; ar, acrosome ray 
zone; ia, inner acrosome zone, ma, microtubular arm; mp f micro villar projection; mtc, microiubular core; n, 
nucleus; o T operculum; oa. outer acrosome zone; p. perforatorial chamber; pT perforatorial fingers; ra, reticulated 
acrosome zone; so. subopereular zone. Scale bars - 1 jam 
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showing a different spermatozoa! ultrastructure. The overall sperm morphology for the 
Thalassmidea is sufficiently different from that of the Anomura to support the separation of the 
two based on evidence from somatic morphology [28]. Of interest is the fact that the spermatozoa 
of Thalassina possess an apparent thickened ring (Fig. 2b) which, so tar, has been recorded only 
in heterotreme and thoracotreme brachvurans [23]. 

Within the superfamily Paguroidea. the investigated members of the Coenobitidae and 
Diogenidae share many spermatozoal characters, but many genera possess apomorphies which 
distinguish them. In the Diogenidae, the genus Calcinus has the splitting of the perforatorial 
chamber into separate fingers (Figs lb, 3c), Cancellus sp. has a perforate operculum (Figs lj, 
3d), the clibanarids possess the dense perforatorial ring (Fig, lc), and Diogenes species have 
modified the inner acrosome zone into a fibrillar core structure (Fig. le). Members of the genus 
Pagurus (Figs If, 3e), in the Paguridae, share the shape of the perforatorial chamber, the absence 
of microvillar projections and the reticulated acrosome zone with Sympagurus (Fig. li) in the 
Parapaguridae, but the other genera {Porcellanopagunis and Xylopagurus) appear more distinctive 
(Fig. lg, h). The light microscope observation of Lithodes (Litbodidae) [41] is the only 
spermatozoal information available on this family. It shows a sperm cell with a spherical, 
concentrically zoned acrosome vesicle, penetrated by a perforatorial chamber, and three 
conspicuous microtubular arms. This description places it within the Paguroidea but an 
ultrastructural study is necessary to investigate the claim that the lithodids have close links with 
the genus Pagurus in the Paguridae [13]. 

The superfamily Lomoidea contains the monospecific genus Lomis in the family Lomidae. 
The spermatozoon of Lomis possesses spermatozoal characters, such as micro tubular arms 
(possible three?) and an acrosome vesicle penetrated by a perforatorial chamber (Fig. 2c), which 
justify its position in the Anomura but its sperm morphology is distinct enough to confirm 
placement in its own family and superfamily [29]. 

Each of the three investigated families, Chirostylidae, Galatheidae and Porcellanidae, in the 
superfamily Galatheoidea shows a particular spermatozoal morphology which appears 
characteristic for that family. The chirostyiid spermatozoal morphology is more similar to that of 
hermit crabs than to any other galalheoid. particularly in the shape of the acrosome vesicle and the 
possession of an acrosome ray zone ( Fig. 2d). The more elongate (fusiform) acrosome vesicle 
shape, division of the inner acrosome zone and the presence of septa in the perforatorial chamber 
characterise the members of the Galatheidae (Fig. 2e). The investigated members ol the 
Porcellanidae all show a particular suite of acrosome vesicle characters which unite them but the 
overall sperm cell morphology divides the group. The globular nuclear form in Petrolisthes 
species clearly differentiates this genus from the other investigated genera which have an elongate 
sperm cell (Fig. 2f), reminiscent of flagellate spermatozoa. This basic division of the 
Porcellanidae is supported by larval [42, 47] and adult somatic morphology [19]. 

In the superfamily Hippoidea only representatives from the family Hippidae have been 
investigated for spermatozoa] morphology. The spermatozoa observed in the genus Enterita 
(Table 1) have a more elongate acrosome vesicle than that described for Hippa. Though showing 
spermatozoal characteristics which place them in the Anomura (microtubular arms and acrosome 
vesicle structure), it is difficult to ally hippids with any other anomuran superfamily. The broad, 
horizontal operculum (Fig. 2g) has its nearest counterpart in members of the Porcellanidae (Fig. 
2f) (though perforate in the latter case), or perhaps that seen in the thalassinidean, Thalassina 
(Fig. 2b). This last comparison may provide some evidence to support the statement that the 
hippids are the nearest relatives to the thalassinoids [28]. 
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